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Using the hydrodynamical formalism of quantum mechanics for a Schrodinger spinning particle,
developed by T. Takabayashi, J. P. Vigier and followers, that involves vortical flows, we propose
the new geometrical interpretation of the wave-pilot theory. The spinor wave in this interpretation
represents an objectively real field and the evolution of a material particle controlled by the wave
is a manifestation of the geometry of space. We assume this field to have a geometrical nature,
basing on the idea that the intrinsic angular momentum, the spin, modifies the geometry of the
space, which becomes a manifold, that is represented as a vector bundle with a base formed by
the translational coordinates and time, and the fiber of the bundle, specified at each point by the
field of an tetrad eaµ, forms from the bilinear combinations of spinor wave function. It was shown,
that the spin vector rotates following the geodesic of the space with torsion and the particle moves
according to the geometrized guidance equation. This fact explains the self-action of the spinning
particle. We show that the curvature and torsion of the spin vector line is determined by the space
torsion of the absolute parallelism geometry.
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I. INTRODUCTION
After Schrodinger formulated the famous wave equa-
tion in 1926 [1], which solution is a de Broglie’s plane
wave [2], the issue arose of interpreting the wave func-
tion and its physical reality. It is accepted that a wave
field, that transfers energy or momentum, can be phys-
ically real, as a result, difficulties arose in understand-
ing the physical reality of the wave function. After the
Solvay Congress, the so-called Copenhagen or probabilis-
tic interpretation of quantum mechanics was adopted,
according to which the wave function was matched by
an abstract probability wave. However, not all leading
scientists have accepted this interpretation. A. Einstein
argued that the description of quantum phenomena in
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the framework of the probabilistic concept is not com-
plete, and the deterministic laws are the basis of physical
reality.
In the Louis de Broglie’s researches the new determin-
istic interpretation of the quantum mechanics in terms
of continuous and causally determined motion of quan-
tum objects were developed. After Madelung proposed a
hydrodynamic interpretation of quantum mechanics [3],
in which the description based on the Schrodinger wave
equation and the complex wave function ψ = Re
i
~
S was
reduced to a description based on two equations for the
amplitude R(r, t) and phase S(r, t) of the wave function,
Louis de Broglie formulated the fundamental principles
of the pilot-wave theory, which was based on three main
postulates [4], [5], [6]
• The particle is localized in space and moves along
a continuous trajectory;
• The wave that is the basis of wave mechanics is
physically real object;
• The particle is connected with its wave and, be-
ing localized in the wave, moves along one of the
streamlines of the hydrodynamical flow, correspond-
ing to the law of wave propagation in the Madelung
hydrodynamical model.
Wherein, the internal oscillations of a particle must be in
the phase with the propagating wave into which the par-
ticle is embedded. Later, in order to establish more fine
connection between the particle and the wave, ”theory of
a double solution” was proposed, in which the concepts
of the wave used in the wave mechanics and the real wave
field, accompanying a particle, were separated. The sta-
tistical wave obeying the Schrodinger wave equation, in
this concept, is a probabilistic representation of the state
of a particle. The second wave is physically real and
unnormalized, and contains a local region of large ampli-
tude and concentration of energy, the singularity, which
moves in space. This singularity represents a particle
2embedded in the wave. In turn, it was predicted, that in
the framework of the Madelung’s hydrodynamic model,
the impact of the surrounding wave on the particle is
implemented via quantum potential, which generates a
quantum force capable of controlling the motion of the
particle [7], [8]. Later, the hydrodynamic image of wave
propagation and the ideas of the wave-pilot theory were
used by David Bohm [7], who, trying to return to the
classical ideal of causality, proposed an interpretation of
quantum mechanics in terms of ”hidden variables”.
On the other hand, in order to build a determinis-
tic interpretation of quantum mechanics, the attention
was paid to the geometrical pattern of the representa-
tion of interactions. For this purpose, Louis De Broglie
attempted to use the analogy between a particle’s motion
in its wave and the motion of a point mass in a gravi-
tation field [9], where its trajectory is a geodesic line in
the space-time, applying Einstein’s reasoning from the
general theory of relativity. Another French scientist,
Jean-Pierre Vigier, stated the idea to connect the theory
of a double solution with the theorem of the motion of a
singularity in a gravitational field along geodesic lines of
the space-time, which was proved by Einstein together
with Grommer. Vigier developed this analogy, and at-
tempted to represent a particle of matter as a singularity
in the space-time metric, surrounded by the wave field.
An important step in constructing the deterministic
interpretation was taking a particle with spin into con-
sideration. The causal interpretation of the Pauli equa-
tion was initially given using the terms of hydrodynamic
model, where the square of modulus of the spinor or wave
function ψ∗ψ determines the fluid density, which has the
intrinsic angular momentum connected to the spin. The
method used in this article adopts Euler angle represen-
tation of the spinor [10]. In parallel to that article, T.
Takabayasi obtained the gauge-independent tensor for-
malism for quantum-mechanical non-relativistic particle
with spin [11] - [13], based on the new kind of hydrody-
namics of spinning fluid, where each of its element moves
like a classical spinning particle under the action of in-
ternal spin-potential and internal magnetic field. In this
model, the spinor is represented in terms of tensors con-
structed from ψ∗ and ψ as bilinear expressions.
Later, T. Takabayasi together with Jean-Pierre Vigier
expanded this formalism and represented the picture of
the Pauli field as an assembly of very small rotating bod-
ies continuously distributed in space [11], using the hy-
drodynamical model of the Pauli field, where the hydro-
dynamical fluid carries intrinsic angular momentum to be
called ”spin”. The direction of the angular momentum
is fixed to the particle and the angular velocity of rota-
tion points to the direction of special ”effective magnetic
field” [12]. After that, T. Takabayasi derived the nat-
ural extension of the hydrodynamical formalism of the
quantum mechanics of a spinning particle in a manner
that includes vortical flows [14]. This theory involved ge-
ometrical approach and assumed that each element of a
hydrodynamical fluid is regarded as a triad structure un-
derlying the classical spin. The theory was constructed
in terms of rotation of the triads, which determines the
motion of a corpuscle of mass embedded in the spinor
wave. This formalism leads to the construction of a re-
alistic physical model of the quantum matter. The main
idea of the new interpretation is that the spinor wave
represents a new physical field, which exerts an influence
on a corpuscle moving within it.
The idea to associate the point-like particle with the
singular region of the wave field and use the geometrical
approach seems to be very interesting. We follow the
hypothesis that the spinor wave is a physical field, that
does not have a particular localization in external space-
time, but exists as its part. We used the geometrization
method based on introduction of the metric of space-time
continuum and determination of the geometric tensors,
which correspond to the physical fields.
II. THE GEOMETRIZATION THE FIELDS OF
MATTER
The electromagnetic, weak and strong interactions are
described in the language of gauge theories built on the
principle of local internal symmetry, and are not directly
related to the space-time geometry. On the other hand,
gravity is directly related to the space-time structure for
which the local symmetry is the space-time symmetry.
Let’s suppose that matter rotation changes the ge-
ometry of the event space. Description of the transla-
tional motion of physical systems requires introduction
of translational coordinates. However, we assume that
when describing rotational motion, the concept of a ref-
erence frame based on the laws of light propagation does
not fully reflect the properties of space and time. The
hypothesis underlying this paper is that rotation of a
physical object generates a field that has new physical
nature, and construction of a new theory requires the
use of new ideas about the structure of space and time.
From the geometrical point of view, this means that the
rotational motion is reflected in a certain way on the ge-
ometry of the event space, making it different from the
pseudo-Riemannian one [15], [16].
In the General Theory of relativity, the spatio-
temporal curve, representing the particle motion, is a
geodesic. We use the idea of geometrizing the motion of
a particle with spin, and represent the field of a spinor
wave using concepts borrowed from geometry. Simulta-
neously, we stop using the concept of a force field, and
assign a geometric image to the particle evolution.
II.1. The field of tetrads
We follow the idea of the pilot wave theory, according
to which the corpuscle of mass is embedded in the wave
that guides it. In this case, we may link the center of
mass of the particle to the local Lorentzian frame or a
tetrad of orthonormal vectors eaµ. The simplest gener-
alization of the four-dimensional Minkowskian geometry
3to the case of the manifold of oriented points is the ge-
ometry of absolute parallelism [15], constructed on the
manifold, that is represented as a vector bundle with a
base formed by the manifold of the translational coordi-
nates and time. At each point of the base space-time of
the bundle a tangent space or a fibre is specified by the
field of a tetrad eaµ. A base space-time is a 4-dimensional
differential manifold. Space-time coordinates of the base
are denoted by {xµ}, where Greek α, β, µ, ... indices re-
late to space-time. The tangent space coordinates are
be denoted by {xa}, where a, b, c determine the tangent
space. In general case, the four holonomic coordinates
characterize the position of the reference system eaµ. The
dynamical evolution of a tetrad is represented by six co-
ordinates. Six angular coordinates, three of them are
spatial angles ϑ, ϕ, χ and three of them are the pseudo-
Euclidean, that determine the orientation of the tetrad
relative to the spatio-temporal axes of the base space-
time. The anholonomic coordinates {xa} are given in
the bundle layer over a point in the base space and can
be introduced as follows dxµ = eµadx
a and dxa = eaµdx
µ,
where eµa 6= ∂x
µ/∂xa.
Let’s introduce the orthonormal basis unit vectors of
non-rotating laboratory system eˆaµ and orthonormal unit
basis of the non-inertial rotating system eaµ. The basis
vectors in a rotating frame of reference are distinguished
by a four-dimensional rotation from the basis vectors of
a locally-Lorentz inertial frame of reference
eµa = ℜ
b
aeˆ
µ
b , (1)
where ℜba represents the matrix of four-dimensional ori-
entation of the position of locally-Lorentz inertial frame
of reference relative to its initial position. The matrix of
four-dimensional orientation is determined via the prod-
uct of matrices of pure Lorentz transformations in space-
time planes and matrices of three-dimensional rotations.
The four-dimensional rotation is decomposed into a pure
Lorentz transformation and a three-dimensional rotation
around the monoaxis of rotation n
ℜ = R(n)L(v), (2)
where the three-dimensional speed of the non-inertial ref-
erence frame relative to the inertial one is v = (vx, vy, vz).
The matrix of the pure Lorentz transformation is associ-
ated with the translational motion of the reference sys-
tem, and has the form [17]
Lba =


chΘ −shΘcosαx −shΘcosαy −shΘcosαz
−shΘcosαx 1 + ∆cos
2αx ∆cosαxcosαy ∆cosαxcosαz
−shΘcosαy ∆cosαxcosαy 1 + ∆cos
2αy ∆cosαxcosαz
−shΘcosαz ∆cosαxcosαz ∆cosαycosαz 1 + ∆cos
2αz

 , (3)
where pseudo-Euclidean angle of rotation of the tetrad
Θ and guide cosines are in the form of
thΘ =
|v|
c
, ∆ = 2sh2(Θ/2),

cosαx = vx/vcosαy = vy/v
cosαz = vz/v

 .
(4)
In case of three-dimensional non-relativistic rotation, the
rotation matrix can be obtained as a sequence of three
turns - clockwise by an angle ϕ around the eˆ3 axis, clock-
wise by an angle ϑ around the line of nodes and by an
angle χ around the axis e3 of the non-inertial frame.
II.2. Anholonomic space and Torsion
The tetrad determines the metric tensor of the absolute
parallelism geometry
gαβ = ηabe
b
αe
a
β, ηab = diag(−1, 1, 1, 1) (5)
and the squared distance between two events is ds2 =
gαβdx
αdxβ . The parallel transfer of the tetrad relative
to the connection ∆αβγ is identically equal to zero ∂γe
a
β −
∆αβγe
β
a = 0, so that
∆αβγ = e
α
b ∂γe
b
β. (6)
It was shown by Weitzenbock, that connection of the
space with curvature and torsion can be determined in
the form of [18]
∆αβγ = Γ
α
βγ + T
α
βγ , (7)
where
Γαβγ =
1
2
gαµ(∂γgβµ + ∂βgγµ − ∂µgβγ) (8)
are the Christoffel symbols, and
Tαβγ = −Ω
α
βγ + g
αµ
(
gβνΩ
ν
µγ + gγνΩ
ν
µβ
)
(9)
are the Ricci rotation coefficients, determined via the ob-
ject of anholonomity [20]
Ω αβγ =
1
2
eαb
(
∂βe
b
γ − ∂γe
b
β
)
. (10)
Ricci rotation coefficients can be represented in the form
Tαβγ = e
α
b∇γe
b
β, (11)
where the covariant derivative with respect to the
Christoffel symbols is indicated
∇γe
a
β = ∂γe
a
β − Γ
α
βγe
a
α, (12)
4The field of torsion Tαβγ also defines a rotational metric
[15], that describes the rotational properties of an arbi-
trarily accelerated four-dimensional reference systems
dτ2 = TαβγT
β
αµdx
γdxµ. (13)
Four equations of motion of the center of mass of the
tetrad xα correspond to the translational metric (5)
d2xα
ds2
+ Γαβγ
dxβ
ds
dxγ
ds
+ Tαβγ
dxβ
ds
dxγ
ds
= 0, (14)
while the rotational metric (13) corresponds to the six
rotational equations of motion of the tetrad
deαb
ds
+ Γαβγe
β
b
dxγ
ds
+ Tαβγe
β
b
dxγ
ds
= 0. (15)
II.3. Geometrization of the energy-momentum
tensor
The curvature tensor in the absolute parallelism space
is defined via connection in the usual way [21]
Sαβγη = 2△
α
β[η,γ] + 2△
α
µ[γ△
µ
|β|η] = 0, (16)
where the square brackets [] denote alteration of the re-
spective indices and the index enclosed in || is not sub-
jected to alteration. If we represent the connection of
space as the sum of the Christoffel symbols and the Ricci
rotation coefficients (7), and also use the expression for
the Riemann tensor of the absolute geometry parallelism
space in the form [15]
ℜαβγη = 2Γ
α
β[η,γ] + 2Γ
α
µ[γΓ
µ
|β|η], (17)
the expression for the curvature tensor (16) takes the
form
Sαβγη = ℜ
α
βγη + 2T
α
β[η,γ] + 2T
α
µ[γT
µ
|β|η]
+ 2Γµ
β[γT
α
|µ|η] + 2Γ
α
µ[γT
µ
|β|η] = 0. (18)
If we add to the right side of the relation (18) an expres-
sion −2Γµ[γη]T
α
µβ = 0 and perform some simple mathe-
matical manipulations, the Riemann tensor can be rep-
resented as
ℜαβγη = −2T
α
β[η,γ] − 2T
α
µ[γT
µ
|β|η]. (19)
Next, using the contraction in the indices α and γ of the
expression (19) and the indices β, η leads to the scalar
curvature
ℜ = −2gβη
(
∇[αT
α
|β|η] + 2T
α
µ[αT
µ
|β|η]
)
. (20)
Using the obtained relations (19) and (20), and forming
the Einstein tensor Gαβ = ℜαβ −
1
2gαβℜ, we can derive
the equation similar to Einstein’s equation, but with a
geometrized energy-momentum tensor
Tαβ = −
2
ν
(
∇[γT
γ
|α|β] + T
γ
µ[αT
µ
|γ|β] −
1
2
gαβg
δλ(∇[αT
α
|δ|λ] + T
α
µ[αT
µ
|δ|λ])
)
. (21)
As it can be seen from the deduction given above, torsion
determines the Riemannian curvature only in the case
if the total Riemann-Cartan curvature tensor is equal
to zero. This is possible only within the framework
of geometry with absolute parallelism. Since the Ricci
rotation coefficients determine the geometrized energy-
momentum tensor, it is definitely the torsion fields that
can act as the fields of matter. Thus, it is the fields of
matter, that are formed by the torsion of the space of
absolute parallelism. The density of matter, which can
be determined by the energy-momentum tensor should
also have the geometrized structure
ρ =
gαβTαβ
c2
=
2
c2ν
(
∇[γT
γ
|α|β] + T
γ
µ[αT
µ
|γ|β]
)
. (22)
III. THE GEOMETRICAL INTERPRETATION
OF WAVE-PILOT
III.1. A causal interpretation in the
hydrodynamical description
When constructing the causal interpretation of the
Pauli equation, two main ideas were proposed. At first, it
was assumed that the spinor wave function of the quan-
tum mechanics ψ(x, t) represents the new kind of physical
field and at second, that the square of the wave function
|ψ(x, t)|2 represents the density of a fluid, consisting of
an ensemble of spinning particles [10] - [14]. It was postu-
lated that the particle-like inhomogeneity in the fluid or
a corpuscle of mass is embedded in the wave and moves
with the local stream velocity of the fluid [19]. In this
case, the spatial distribution of the ensemble or the fluid
density has the form
ρ(x, t) = ψ†(x, t)ψ(x, t), (23)
5the center of mass of ensemble or the particle-like inho-
mogeneity velocity field can be derived in the form
vj(x, t) =
~
2mi
ψ†∂jψ − ψ∂jψ†
ψ†ψ
. (24)
The fluid has the intrinsic angular momentum connected
with spin. The local spin vector which defines the axis
of rotation is always pointed along the principal axis of
the rigid body representing a particle [12], [14]
sj(x, t) =
~
2
ψ†σjψ
ψ†ψ
, (25)
where σj are the Pauli matrices.
Specification of the state of rotation can be done in
terms of Euler angles ϑ(x, t), ϕ(x, t), χ(x, t), which vary
from point to point, and the unit spinor ψ(x, t), which
defines a state of rotation in the spin space, has the fol-
lowing representation in terms of the Euler angles
ψ =
(
R cos ϑ2 e
− i
2
(ϕ+χ)
R sin ϑ2 e
i
2
(−ϕ+χ)
)
, (26)
where R(x, t) is real amplitude. The wave function obeys
the Schrodinger equation
i~∂tψ(x, t) = Hˆψ(x, t) (27)
with the Hamiltonian
Hˆ =
(−i~∇ˆ − e
c
A)2
2m
− µBσˆjB
j , µB =
e~
2mc
, (28)
where the first term characterizes the kinetic energy of
a particle and the second term is the potential energy
of the magnetic moment in the external magnetic field
Bj , A is the vector potential of external electromagnetic
field. Differentiation of particle density with respect to
time and application of the Schrodinger equation with
Hamiltonian (28) lead to continuity equation
∂tρ+ div(ρv) = 0. (29)
The spinor is represented in terms of orientation of a
spinning body, that makes possible constructing a rela-
tionship between the spin rotation, given by Euler angles,
and particle velocity [10]
v =
~
2m
(~∇χ+ cosϑ~∇ϕ)−
e
c
A. (30)
The hydrodynamical representation of the non-
relativistic spinning particle is constructed in terms
of tensor quantities as the bilinear expressions of ψ†
and ψ. It is assumed, that the hydrodynamical fluid
that carries the intrinsic angular momentum or spin
(25), has the density distribution (23) and velocity
distribution (24). The quantum effects are represented
by non-linear dynamical fields in the equation of motion
for the (ρ, s,v) [19]
m(∂t + v · ~∇)v = FL +
e
mc
sk ~∇B
k +
~
2
4m
~∇
(
△n
n
−
(∇n)2
2n2
)
−
1
mρ
∂k
(
ρ~∇s · ∂ks
)
, (31)
(∂t + v · ~∇)s =
e
mc
s×B+
1
mρ
s× ∂k(ρ∂
k
s). (32)
The external Lorenz force FL is represented by the first
term on the right side of the equation of motion (31).
Each element of the fluid moves under the influence of
the quantum Madelung potential, characterized by the
third term of the equation (31) and of the ”spin stress”
represented by the last term. The spin vector precesses
due to the influence of external magnetic field represented
by the first term of the spin vector evolution equation
(32) and ”spin torque” is characterized by the last term
of equation (32). The ”spin stress” and ”spin torque”
represent the effect of self-action at the hydrodynamic
level of description.
III.2. Geometrical description of the wave-pilot
On our way to the geometrization of the spinor wave,
we introduce two main hypotheses, which we follow
throughout this article. We see no possibility of con-
structing a mathematical description of the theory, based
on a pseudo-Euclidean or a pseudo-Riemannian event
space. Our main idea is that the geometry of the event
space is closely related to the orientation and movement
of the spin vector. The tetrad of orthonormal vectors lies
along the principal axis of the particle-like inhomogeneity
and the third axis is directed along the spin vector. The
corpuscle can be represented as an oriented point, where
the field of frames ei(a)(x, t), i, A = 1, 2, 3 is determined
6with three vectors [14]
e(3) = s, e(1) =
M
ρ
, e(2) =
N
ρ
, (33)
where vectors M and N are formed by the combination
of the spinor as ψ¯σjψ =M j+ iN j , where ψ¯1 = −ψ2 and
ψ¯2 = ψ1. We consider free motion of a particle without
the influence of external fields, where the dynamics of
tetrad is directly related to the dynamics of the particle
and this relationship has the geometrical nature. Now
we should identify the spinor field with changes in the
geometry of the event space of absolute parallelism ge-
ometry with nonzero torsion. In this case, the motion
of the corpuscle should be determined by the geodesic
equation in the base coordinates
∂γe
α
a +△
α
βγe
β
a = 0, (34)
for the case of a flat space with torsion for the non-
relativistic particle
∂ke
i
a + T
i
jke
j
a = 0. (35)
Using the relationship between the spin vector and the
triad (33), as well as the expression for the velocity field
via the Euler angles (30), we derive the geometrized guid-
ance equation, which represents the relationship between
the velocity and rotation of the spatial triad, in the geo-
metric picture
vi = −
~
2m
ek(2)∂ie
(1)
k , (36)
where the orientation of the triad satisfies the equation
(35). The velocity (36) describes twisting around the spin
axis s. Physically, this means that the new physical field
is characterized by the course of geodesics in the space of
events. Its shape determines the dynamics of the triad,
the evolution of which sets the motion of inhomogeneity
or, in other words, the triad rotates in a certain way and
the inhomogeneity, that transfers the energy, moves.
We can obtain the geometro-hydrodynamical represen-
tation of the guidance equation (36) in the anholonomic
spin space of the bundle, where the triad of vectors is con-
structed from the bilinear combination of spinor ψ. From
the hydrodynamical point of view we can consider the
vector line, which configuration is described by a curve
or vector line si,mi, ni, where mi is a principal normal
and ni is a binormal, taking the position of a point on
the central line as a function of arc length with unit tan-
gent vector s to the curve. We can define a Serret-Frenet
equation for the triad frame ea = X = {s,m,n}, where
m = M
ρ
, n = N
ρ
[22]
∂s
∂s
= κm, (37)
∂m
∂s
= −κs+ τn, (38)
∂n
∂s
= −τm, (39)
and the set of other equations form and n direction have
the form [22]
∂s
∂m
= θmsm+ (Ωn + τ)n, (40)
∂m
∂m
= −θmss− (∇ · n)n, (41)
∂n
∂m
= −(Ωn + τ)s + (∇ · n)m, (42)
and
∂s
∂n
= θnsn− (Ωm + τ)m, (43)
∂m
∂n
= (Ωm + τ)s + (κ+ (∇ ·m))n, (44)
∂n
∂n
= −θnss− (κ+ (∇ ·m))m, (45)
where τ and κ are the torsion and curvature of the spin
vector line, θns = n · ∂ns, θms = m · ∂ms, and the diver-
gence of vectors of a moving triad
divs = θms + θns, divm = −κ+ n · ∂nm,
divn = −n · ∂mm. (46)
The spin space is an anholonomic space, where the object
of anholonomity is introduced in the form
Ωabc =
(
∂ie
a
k − ∂ke
a
i
)
ekbe
i
c, (47)
and the Ricci rotation coefficients T abc = T
a
ike
k
be
i
c. The
velocity field in the non-inertial frame can be determined
via torsion and curvature of the spin vector line in the
following way
v =
~
2m
(
τs− div(n)m+ (κ+ div(m))n
)
. (48)
From the geometrical point of view, the equation of the
triad evolution (35) in the context of the Serret-Frenet
frame, can be represented in the form
ds
ds
= −T sjke
j dx
k
ds
= κm, (49)
dm
ds
= −Tmjke
j dx
k
ds
= −κs+ τn, (50)
dn
ds
= −T njke
j dx
k
ds
= −τm, (51)
7where the scalar curvature and torsion of the spin vector
line are determined by the Ricci rotation coefficients
T smk
dxk
ds
= −Tmsk
dxk
ds
= −κ,
Tmnk
dxk
ds
= −T nmk
dxk
ds
= −τ. (52)
Thus, a particle with a spin moves along a geodesic of
space with torsion, which is determined by the object
of anholonomity. The curvature and torsion of the spin
vector line si is determined by the Ricci rotation coeffi-
cients. Thus, the self-action of the particle with a spin
takes a geometric nature. The tetrad of vectors rotates
in a certain way from point to point of the base space in
accordance with the geodesic equation (35), and the in-
homogeneity moves according to the following law (48).
According to the Serret-Frenet equations (49) - (51) the
self-action of the particle is connected with the curvature
and torsion of the spin vector line that are determined
by the geometry of the space with torsion.
III.3. Discussion
Despite the fundamental consilience, the de Broglie-
Bohm wave-pilot theory can hardly become generally ac-
cepted in its current form, since the physical nature of the
spinor wave field is still unknown. Bohm himself already
retreated from the concept of a wave-pilot, considering
the quantum non-locality as a subtended characteristic
of the space-time, which determines a non-local global
field and quantum particle is a vibration mode of this
field. Undoubtedly, the wave-pilot theory requires re-
thinking. We are trying to build a geometric theory in
which the evolution of a material particle controlled by a
wave is a manifestation of the geometry of space. Based
on the results of Ref. [23] we represent the pilot-wave as
the manifestation of the geometry of the space, that must
be different from the Riemann geometry. In the general
form we introduce the manifold of the absolute paral-
lelism geometry, that is represented as a vector bundle
with a base formed by the manifold of the translational
coordinates and time. At each point of the base space-
time of the bundle there is a tangent space or fiber of
the bundle, and the fiber is specified at each point by the
field of an tetrad eaµ. The event space of an arbitrarily
accelerated four-dimensional reference system associated
with a tetrad is defined by four translational coordinates
of the base and six angular coordinates: three spatial an-
gles and three pseudo-Euclidean. Thus, the rotational
angles of Euler are embedded in the structure of the
space. We proved that the spin vector of the particle
follows the geodesic line of the space with torsion, creat-
ing the self-action characterized by the influence of the
rotation of the spin on the particle velocity via the guid-
ance equation (30). On the other hand, the evolution of
the triad can be described using the Serret-Frenet equa-
tions in the anholonomic spin space. We show, that the
curvature and torsion of the spin vector line are deter-
mined by the Ricci rotation coefficients of the geometry
of absolute parallelism.
The model proposed in the article can help in under-
standing the basics of the pilot wave concept and fills
this theory with a new vision of the nature of matter and
the wave function of quantum mechanics. The concept
of the existence of an empty waves represented by wave
functions propagating in space and time but not carry-
ing energy or momentum was proposed by Lucien Hardy
and John Stewart Bell [24] - [26]. A. Einstein called this
waves - ”ghost fields”. The question, may empty waves
have an observable effect, discussed many times [26], [27].
In the context of the geometrical model of a spinor wave
proposed in this article, empty waves can exist indepen-
dently and transfer information about a material particle
that was embedded in the wave.
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